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(S) Drive voltage generating device for liquid crystal display device. 



(57) A drive voltage generating device for a liquid 
crystal display device includes a terminal volt- 
age supply source for gsnerating art output 
voltage of V 3 . an actuating voltage supply sour- 
ce for generaftrg an output voltage . of Vp, and . 
first through uiid circuit: sectiaris..~Eacnr of- the 
first through third arart sections a composed 
of a first condenser for storing therein a charge 
supplied from the terminal voltage supply sour- 
ce, a second condenser for storing therein a 
charge transferred from the first condenser, an 
output terminal section for receiving a voltage 
V s from the second condenser and a switch far 
switching respective connections between the 
terminal voltage supply source and the first 
condenser, and between the first and second 
condensers. The switch is provided for switch- 
ing between an operation for supplying a 
charge from the terminal voltage supply source 
to the first condenser and an operation for 
transferring a charge stored in the first conden- 
ser to the second condenser. 
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FIELD OF THE INVENTION 

The present invention relates to a drive voltage generating device for a liquid crystal display device which 
generates a dnve voltage for driving a liquid crystal display panel. 

BACKGROUND OF THE INVENTION 

Conventionally, a six-level drive system is adopted in liquid crystal display devices of a simple-matrix type 
including liquid I crystal display devices of the same drive system such as MIM (Metal Insulator Metal) etc ) 

iouid^H < SyStei H' 3 ' iqi ! id CrySta) diSP ' ay Pane ' fe driven by sup P'* in 9 a P° ten<ial of six levels to a 
hqu d crystal dnver from a dnve voltage generating device. Therefore, in order to drive portable devices using 

10 T VOlta9e 10 be SUPP ' ied t0 th6 liquid driver ^ than a voltage of! 

self-contained battery, and also to have potentials of six levels. 

m^S^ 3 5* niqUe f °u aChieVi " 9 3 WQlta9e hi9her ,han a v0,tage from a P° wer source . ^ example, a 
f"^" 9 a char 9 e a condenser may be used. This technique for achieving a higher voltage 
» enabled for example, from a circuit shown in Fig. 3 of Voltage boosting circuit for electronic watches" dis- 
closed m Japanese ExaminedPatent PuMcation No. 6424/1993 (Tokukohei 5-6424) and from a cina.it shown 
eSaS cirmt-disdosfid in Japanese ExaininedF^rt Pubfcafionr^ 43a22/t9a7(Tolaik<^o 

Ttetechnkpie to actteving a higher voltage than the voltage of ihe power source by transfer the 
charge n the condeaseralsc carrbe achievedfrarn a Coctaoft droit shown n Fig. 2 of "portable osflaJetee- 
tronic device" disclosed in Japanese Laid-Cpen Patent Publication No. 74T20/1973 (TataAafsha^i^) 
a SchanKel circtirt shown in Fig. 3 of -digital electronic device" disclosed in Japanese Lai*Open Patent Pub- 
Usation No. 44781/1974 (Tokukaisho 49^4781), and Cockcroftand Schanke^rcuits .tW^^X 
e^ronic dev*e disclosed in Japanese. Laid-Open Patent Publication No. 35074/1974 (Tokukaisho 49- 

- ft H0W 7 e ^" ° f deSCribed V ° ltage b °° Stin9 CirCuitS are desi 9" ed for achie ving a higher voltage than 
an ongmal voltage generated from the power source and a potential of one level using a single power source 

cr^t^e?™' Theref0re ' ft iS diff iCult t0 modif y the circuits 50 as to s "PP'y Potentials of 6 levels to the liquid 

Inordeftos^me aW problem, as ar«^^ 
powersou^for «ampte, as shown in Fig. 10, a method for supplying a voltage divided by a resistance R to 
« q ^^ ^'^ ,9h m Of****™* ampttfiervlOt which feYotage Mtawer contacted has been - 
proposed. (Details are shown irr Fig. at& page 403 of the handbook far the liquid crystal device, of the 142nd 
meeting of Nippon Gatofcrfsu SWnkokai published by Nikftan- (ndusrrial Newspaper PtttoMng company and 
sections related to T6A04- of »C data sheet of Toshiba Co. Ltd.) A variable resistanceTHhlZW 1 0 is ' 
provided for adjusting the contrast. 

In the described arrangement where the operational amplifier 101 is voltage follower connected, current 
flowing ,n a bleeder resistance can be significantly reduced compared with the arrangement where the voltage 
is simply dn/ided by the resistance, thereby improving the accuracy of me output voltage 

However, the described convenbtmatarrangement has thefoftowmg factors of increasing power conswnp- 
tion, and the conventional techniques have not yet found a satisfactory solution to this problem 

(1) As a supply power source to the operational amplifier 101 . a voltage between output terminal voltages 
Vo and V 5 ,s used, and each difference between an input terminal voltage and output terminal voltage V, 
- V 4 is large. Therefore, in operating at a constant voltage, the difference in the voltage is absorbed by the 
operational amplifier 101 as heat as in the case of a series regulator 

(2) In addition to the energy supply from output terminal voltages V, through V 4 . the operational amplifier 
101 also absorbs a charge stored in a component of a condenser of liquid crystal. Therefore, the charge 
which is to be stored as electronic energy is also absorbed by the operational amplifier 101 as heat 

(3) In the case where displayed data greatly changes, such as a display which inverts ON/OFF at every 

SmVr TJTT 1 - CUmnt iS reqUked 016 Mi "tonance of the output from the operational • 

amplifier 101 following each change. y^^nm 

SUMMARY OF THE INVENTION . 

d«,£ w!Sh ° f ^ in . Venti0n iS to PmVide 3 driVe V °' tage 9 e " erati "9 device for a liquid crystal display 

device which ensures a reduction in electric power consumption 

Inorderto achieve theabove objective, thefirstdrive voltage generating device for the liquid crystal display 
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device in accordance with the present invention is characterized by comprising: 
a voltage supply source for generating a prescribed voltage; 

first charge storing means for storing therein a charge supplied from the voltage supply source; 
second charge storing means corresponding to the first charge storing means, for storing therein a 
5 charge transferred from the first charge storing means; 

an output terminal section including a plurality of output terminals for supplying a voltage required for 
driving a liquid crystal display section; and 

switching means for switching a connection between the voltage supply source and the first charge stor- 
ing means and a connection between the first charge storing means and the second charge storing means so 
10 that a charge is supplied to the first charge storing means from the voltage supply source and that a charge 
stored in the first charge storing means is transferred to the second charge storing means. 

According to the above arrangement, a charge supplied from the voltage supply source is first stored in 
the first charge storing means. Thereafter, the charge is transferred from the first charge storing means to the 
second charge storing means. As a result, a prescribed voltage can be obtained from each pair of output ter- 
is minals connected to the second charge storing means. Therefore, unlike the case where a voltage is obtained 
from the output terminals through the operational amplifier, the electric energy is not converted into heat nor 
consumed, thereby saving the electric power consumption. 

The second drive voltage generating device fortheliquid crystal display device in accordance with the pres- 
ent invention having nre arrangement of the first drive vottage gerreratuig devtce is criaractenzed by Hiduding . 
20 three arcu it sections as a u nit, each circu it section bemg composed of the-f kat charge stonngineans, the secr- 
ond charge storingriHcnia and the swifc IMuy means. 

According to the above arrangeiTTe/rt, since three circuit sections, each being composed of trfe first charge 
storing means, the second charge storing means and the- switching means are provided as a unit, potentiate 
of six levels can be generated. Therefore, the second drive voltage generating device is suitably applied to a 
25 drive circuit of a six level driving system for driving a simple matrix-type liquid crystal display, etc. 

The third drive voltage generating device for the liquid crystal dispfay device in accordance with the- present 
invention having the arrangement of the first or the second drive voltage generating device for the liquid crystal 
display device is characterized in that the switching means is composed af two switching circuits, each being 
provided with a MOS (metal oxide semiconductor) type FET (field effect transistor) wherein the MOS type FET 
30 of one of the two switching circuits is not driven in accordance with a switching of a parasitic diode generated 
by a back gate effect of the MOS type FET, while the MOS type FET of the other switching circuit is driven in 
accordance with a switching of a parasitic diode to be generated by the back gate effect of the MOS type FET. 

According to the rtpfCThraiai i dt i goi le nt, the switching means is co m pos ed of two switching circuits, ea ch 
being, provided with the MOS type FET wherein the MOS type FET of one of the two s wi tch ing circtnta is not. 
35 driven in a ixotdaic e-wimaswitonihgaf aparasibcdfc^g Bt » ai^ bytr« back gate ef ft^ of ma MOS type 1 : 
FET, while the MOS type FET of the other switching circuit is driven in a ccu i dance with the- swili h iinj of a para* 
sine diode generated by the back gate effect of the IAQS. type FET. Since the above arrangement offers low 
ON resistance and small drop in the vottage in the switch, loss in transferring the charge from the voltage suppfy 
source to the first charge storing means and in transferring the charge from the first charge storing means to 
40 the second charge storing means can be significantly reduced. Therefore, compared with the case of using 
the diode instead of the FET, where the forward voltage cannot be ignored, such as a silicon diode having a 
forward voltage of around 0.7 V, an improved conversion efficiency can be achieved. 

Therefore, an electric power required for converting a charge stored in the first charge storing means to 
be stored in the second charge storing means can be reduced, thereby achieving a reduction in the electric 
45 power consumption in the entire device. 

The invention and its various advantages will become more apparent to those skilled in the art from the 
ensuing detailed description of preferred embodiments, reference being made to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

59 

Fig. 1 is a schematic circuit diagram showing a drive vottage generating device for use in a liquid crystal 
display device having a basic configuration of one embodiment of the present invention. 

Fig. 2 is an explanatory view showing the schematic configuration of the liquid crystal display device pro- 
vided with the drive voltage generating device. 
55 Fig. 3 is a view showing a schematic configuration of the drive voltage generating device for the liquid crys- 

tal display device in accordance with one embodiment employing the drive voltage generating device for the 
liquid crystal display device having the basic configuration of Fig. 1. 

Fig. 4 is a schematic circuit diagram showing each circuit in the drive voltage generating device for the 

3 
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liquid crystal display device of Fig. 3. 

h, Fi9 » V 5 a schematic b,ock dia 9 ram snowi "9 a timing circuit for generating a control signal for controllino 
show^in^? Tl? ' 6( 2 sh ^ w / es P ective waveforms of control signals generated from the timing circuit 

Z^:tLTor::zv ia) ,s a ^ diagram ° f a ™™ ^* ** - 6 <°> * - — 
™th^^ 

mJj 9 ' 8 C ^ Uit diaQram ° f th6 dHve VOltage 9 enerati "9 device for the liquid crystal display device in ac- 
cordance with st.ll another embodiment of the present invention 

«J!?' 9 'Ik "ST* d ! 9ram ° f thS driVe V ° ltage 9 eneratin 9 device of the liquid crystal display device in ac- 
cordance with still another embodiment of the present invention 

device^ 1 ° iS 3 drCUftdia9ram Showi "9 a ^"tional drivevoltage generating device in a liquid crystal display 

DETAILED DESCRIPTION OF PREFERRED EMBODWEKTS 
[EMBODIMENT 11 

T n,T *«er 12 and a common driver 13 are connected to a liquid crystefd^SS tTZ£ 

First, the basicconfiguration of the drive voltage generating device 14 inaccordance with the drive voltaae 
in F,g 1, the dnve voltage generating device 14 is provided with a terminal voltage supply source 1 (voltaae 

T^ete^ 

T e2U t V Z^f e SUP ^ Y 1 iS Pf0Vided f ° r 3pp,yin 9 an out P ut volte 9« *» «ach of output terminals 

I'^ZUSS^ SeCtfon) - Wherein 8,1 an ° de there ° f is 10 the out P"' terminal tT and 

^ h *^^ n ^ GQmeCted to the aulp* termte* T v How eve* ^connection of the anode and ca thc^ 

tlVZ^ ^J^TZllT^^^ WT. the connection may ha £££££ ,. 
tween an, art of .B^ienm^ eetwtBdarao^ 

The ^«r* voltage su^ 

SlrTd r W f ^|^ a "^-o«age. wherein a. anode Z^JZrt to theo^ufS 
and cathode of the actuating voltage supply source 2 is not limited to the above. The a«rfe3be conned 

sss^i^- a te rr T * Ti and T * and *■ cattode thereof may be — J - ™ 

The f nt arcuit section 3 is provided with a switch 6a (switching means), a condenser 7a (first charae stor 
■ng means) a switch 8a (switching means, and a condenser 9a (second cnarge storing means) ^ 
™J T !f 1 3 SWitCh f ° r transfe ™9 a charge from the terminal voltage supply source 1 to the 

trustors" ^E?s^te e tn^r^ r ^«wot' 1&< »^! d i enSer ^ ^ 63 a " d 8a « ^cr^Tmen" uch 2 

transistors. FETs. etc. tn the present embochment. MOS type FETs (to be described later) are respectively used 
as switching elements for the switches 6a t and 8a. reapecuveiy used 

ZTan 5Jf? T °- ^ the f«ed tenr^at 6a 2 is .or^S^?^ 

termoial T, The switching tenmnaf 6a 3 is provided for switching the connecting end of the condenser 7abe- 
tween the fixed terminal 6a, and the fixed terminal 6% condenser 7a be- 

8, rf r rly ;^ e S S?lL 8a iS * 3 fiXed tam6nal a f * ed terminal 8a 2 and a switching terminal 

^ Una ' fe ""^ to ^^«>f the terminal voltage supp y source 1 and theS 
tennma. 8a 2 ,s connected to the output terminal T, The switching terminal 8a 3 i provided fc ^ switching ^ 
connecting end of the condenser 7a between the fixed termina. 8a, and the fixed terminal 8a 2 

,emP 7 ari,y St0rin9 3 VOlta9e Vs ' ie ' ,hC ° f the v °'tage 

supply source 1 . One end of the condenser 7a is connected to the switching terminal 6a 3 of the switch 6a and 
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the other end is connected to the switching terminal 8a 3 of the switch 8a. 

Therefore, the switches 6a and 8a respectively switch switching terminals 6a 3 and 8a 3 between fixed ter- 
minals 6a, and 6a 2 and the fixed terminals 8a, and 8a 2 , so as to store the charge from the terminal voltage 
supply source 1 in the condenser 7a, and thereafter transfer the charge to the condenser 9a. The condenser 
5 9a is provided for applying a voltage across the output terminals T, and T 2 , which is to be finally applied to the 
liquid crystal display panel 11 (see Fig. 2). The condenser 9a is provided between the output terminals T, and 
T a . 

The second circuit section 4 is provided with a switch 6b (switching means), a switch 8b (switching means), 
a condenser 7b (first charge storing means) and a condenser 9b (second charge storing means) respectively 

10 corresponding to the switch 6a, the switch 8a, the condenser 7a and the condenser 9a of the first circuit section 
3. The connections among the switch 6b, the switch 8b, the condenser 7b and the condenser 9b are the same 
as the connections among the switch 6a, the switch 8a, the condenser 7a and the condenser 9a of the first 
circuit section 3. The switch 6b is arranged such that the fixed terminal 6b, is connected to the output terminal 
T 0 and to the anode of the terminal voltage supply source 1, while the fixed terminal 6b 2 is connected to the 

15 output terminal T 3 . The switch 8b is arranged such that the fixed terminal 8b, is connected to the cathode of 
the terminal voltage supply source 1, while the fixed terminal 8b 2 is connected to the output terminal T 4 . The 
condenser 9b is provided between the output terminals T 3 and T4. 

The third circuit section 5 is provided with a switch 6c (switching means), a switch 8c (switching means), 
a condenser 7c (first charge storing means) and a condenser 9c (second charge storing means) respectively 

2a caciTraparro^g tDrhes«t£^6a, theswtehSa, thecortdense/ 7aarul the^xindensfif aaofthefirstdrcuitsexliaQ 
3. Ttfb cDnnections amorrg tffe switch 6c, tbe 8c, tbecoodenser 7c and the condenser 9c are the same 
as the connections among the switch 6a, the switch 8a, the condenser 7a and the condenser 9a of the first 
circuit section 3. The switch 6c is arranged such that the fixed terminal 6c T is connected to the output terminal 
T 0 and to the anode of the terminal voltage supply source 1, while the fixed terminal 6^ is connected to the 

25 output terminal T«, The switch 8c is arranged such that the fixed terminal 8c, is connected to the cathode of 
the terminal voltage suppfy source t, and the fixed temri ri crt 8C2 is connected to the- output terminal T 5 . The 
condenser 9c is provided between the output terminals T 4 and Ts. 

The switches 6a, 6b and 6c and the switches 8a, 8b and 8c are controlled so as to be simultaneously switch- 
ed in the same direction by control means (not shown). 

30 In the described arrangement, the operation of the first circuit section 3 when the drive voltage generating 

device 14 is activated will be explained below. 

First, trie switching terminal 633 of the switch 6a and the switching terminal 8a 3 of the switch 8a are re- 
spectively switched Ja the side of the fixed tenninat 6a, and the fixed teraaoal 8a^ as siiown in the s^d line: 
in the figure. 

& Therefore, me currentflowe as foiows; the terminal \mSage snppfy source t -* the switch 6a -*■ theaon- 

denser 7a -> the switch 8a -> the terminal voltage suppfy source f. As a result, the charge l i d v hiy Um pofarrty 
shown in the figure is stored in the condenser 7a. Therefore, the described switching periods for the switch 6a 
and the switch 8a correspond to the charging period, and in a steady state, both ends cf the condenser 7a 
have a voltage of V a . 

40 Next, the switching terminal 6a 3 of the switch 6a and the switching terminal 8a a of the switch 8a are re- 

spectively switched to the fixed terminal 6a 2 and the fixed terminal 8a 2 as shown by a dot line. 

Therefore, the current flows as follows: the condenser 7a -» the switch 6a the condenser 9a -v the switch 
8a — » the condenser 7a. Here, the described switching periods for the switch 6a and the switch 8a correspond 
to the discharging period. In this case, a charge is stored in an amount corresponding to the capacity ratio of 
45 the condenser 7a to the condenser 9a, and the both ends of the two condensers become identical. For example, 
in the case where the charge originally stored in the condenser 9a is 0, and the electrostatic capacity of the 
condensers 7a and 9a are Co. the charges to be stored in the condensers 7a and 9a are Co VJ2. 

Therefore, by the switching operations of the switch 6a and the. switch 8a, the charging and discharging 
operations are repeated. Thus, the voltage V, of the both ends of the condensers 9a is converged to V. as 
s> shown by the fottowing equation. As a result, the potential of the output terminal T 2 is dropped to -2V,. 

V, = V„(t/2.+ 1/4 + 1/8 *- 1/16 + ...)-► V 9 (1) 

On the other hand, rrr the case where the load is connected to the condenser 9a, as the time required for 
charging the voltage V, to the condenser 7a is short, the charging period is set shorter than the discharging 
period so that the charging period can be even ignored. In this case, the variation in the output voltage, i.e., 
the ripple voltage AV can be calculated through the following equation: 

A V = lo/(2Cof 0 ) (2), 

wherein l 0 (A) and fo(Hz) respectively represent the average load current and the switching frequency 

S 
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of the switch 6a. 

1/B = Vs/(V 0 - V 5 ) (3) 
Vop = V E f 2V S (4) 

•ou^tJ^SZTT* """""V" Sh0Wn Fi9 ' 3 15 ,he «™ "»"*»' «"*■«• suppty 

The^pecth^tEHmiateaaftliefKstdiaji . . 

=?^rr sis sskSSSSS 

whnl t hT 4 - terminal tef 4,16 * w circuit section 23 is connected to the output terminal T 

while the terminal d is connected to the output terminal T 5 umrunai T 4 , 

source 2 ,s connected to the output termmal T 0 , while the cathode thereof is connected to the output terminal 
the ™ r?- bed f , irSt ^ Uit Se ° ti0n 21 ' SeC0 " d CirCuit Section 22 and ,hird circuit section 23 have mutually 

The first switching circuit 24- corresponds to the respective switches 6a, 6b and 6c of thefirstrirr^*,**™ 

Z»n, C c?f ( ° XK,e Semconductor > ^ FEF (hereinafter referred to as Pch-MOS tvDe FETV 
ITZVrJZ l N Channe ' M ° S typG FET (hereinafter referred to as Nch-MOS : type fISmos 
P^ a^^i^^ 801 *^^ ^ (D) te^nafof'he P h ( MoI 

h h k . 30 15 S enerated by back gate effect of the Pch-MOS t voe FET 28 On th* 
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of the Pch-MOS type FET 28. On the other hand, the cathode of the parasitic diode 31 is connected to the D 
terminal of the Nch-MOS type FET 29, and the anode is connected to the S terminal of the Nch-MOS type 
FET 29. 

The first switching circuit 24 is provided with the first gate driving-use clamping circuit 32 and the second 
5 gate driving-use clamping circuit 33. The first gate driving-use damping circuit 32 is provided for applying a 
voltage to a gate (G) terminal of the Pch-MOS type FET 28, while the second gate driving-use clamping circuit 
33 is provided for applying a voltage to the G terminal of the Nch-MOS type FET 29. 

The first gate driving-use clamping circuit 32 is driven based on a control signal S P to be outputted from 
a timing circuit (to be described later), while the second driving-use damping circuit 33 is driven by a control 
io signal Sm to be outputted from the timing circuit. 

The first gate driving-use clamping circuit 32 is composed of a condenser 34, a resistance 35 and a diode 
36, wherein the cathode of the diode 36 is connected to the S terminal of the Pch-MOS type FET 28, while 
the anode thereof is connected to the G terminal. 

The second gate driving-use clamping circuit 33 is composed of a condenser 37, a resistance 38 and a 
is diode 39, wherein the cathode of the diode 39 is connected to the G terminal of the Nch-MOS type FET 29, 
while the anode thereof is connected to the S terminal. 

The second switching circuit 25 corresponds to the respective switches 8a, 8b and 8c of the first circuit 
section 3, the second, circuit section 4 and the third circuit section 5 of Ftg. t. As provided in the first switching 
circuit 24, tha second switching drcu* 25 is provided wttti a Pch-MOS type FET 4Q (MQS type FET) and a 
2D Nch-MOS type FET4T (MOS type FET) as switching etetnents. Bet*eee 0^ so urc» ( S) ternunal and the drain 
(D) terminal of the Pch-MOS. type FET4Q, a paras*ki diode 42 is generated by the back, gate effect of the Pch- 
MOS type FET 40. On the other hand, betweew the a terrninai amt me D terminal of the Nch-MOS type FET 
41 , a parasitic diode 43 is generated by the back gate effect of the Nch-MOS type FET 41. Namely, the cathode ' 
of the parasitic diode 42 is connected to the S terminal of the Pch-MOS type FET 40, and the anode is con- 
25 nected to the D terminal of the Pch-MOS type FET 40. On the other hand, the cathode of the parasitic diode 
43 is connected to the D terminal of the Nch-MOS type FET 41, and the anode- thereof is connected to the- S 
terminal of the Nch-MOS type FET 41. 

The second switching circuit 25 is provided with the first gate driving-use clamping circuit 44 and the sec- 
ond gate driving-use clamping circuit 45. The first gate driving-use clamping circuit 44 is provided for-applying 
so a voltage to a gate (G) tenninal of the Pch-MOS type FET 40, while the second gate driving-use clamping circuit 
45 is provided for applying a voltage to the G terminal of the Nch-MOS type FET 41. 

The first gate driving-use clamping circuit 44 is driven by a control signal S P to be outputted f rom the ti mtng 
circu it (to be described latei), while the second driving-use damping circuit 45 is driven by a control signal S* 
to be outputted from the timing circuit. 
35 The first gate drivmg-usectarf^ringcB^^ 

48. The second gate driving-use clamping circuit 45 is composect of a condenser 49, a resistance 50 and a 
diode 51. 

As shown in Fig. 4, the Pch-MOS type FET 28 and the Nch-MOS type FET 29 areconnected to the terminal 

a, and therefore, a positive voltage is applied. Accordingly, in the Pch-MOS type FET 28 and the Nch-MOS 
40 type FET 29, normal ON/OFF operations are carried out Therefore, the parasitic diode 30 and the parasitic . 

diode 31 are not set in the ON state. 

On the other hand, the Pch-MOS type FET 40 and the Nch-MOS type FET 41 are cbnnected to the terminal 

b, and therefore, a negative voltage is applied. Accordingly, the Pch-MOS type FET 40 and the parasitic diode 
42 are simultaneously set ON, and Nch-MOS type FET 41 and the parasitic diode 43 are simultaneously set 

45 ON. Therefore, a current flows in an opposite direction to the flow in the normal operation. 

When transferring the voltage V s of the terminal voltage supply source 1 to the condenser 26. the respec- 
tive first gate driving-use clamping circuits 32 and 44 of the switching circuits 24 and 25 are driven based on 
a control signal S P from the timing circuit (to be described later), and Pch-MOS type FET 28. Pch-MOS type 
FET 40 and the parasitic diode 42 are set ON. In the meantime, tbe second gate driving-use clamping circuits 

a 33 and 45 are driven by a control signal S*. and the Nch-MOS type FET 29, Nch-MOS type FET 41 and the -. 
parasitic diode 43 are set OFF. On the other hand, when transferring a charge from the condenser 26 to the 
condenser 27, the respective first gate driving-use clamping circuits 32 and 44 of the switching circuits 24 and 
25 are driven byacontrol signal S P , and the Pch-MOS type FET 28, the Pch-MOStype FET 40 and the parasitic 
diode 42 are set OFF. In the meantime, the second gate driving-use clamping circuits 33 and 45 are driven by 

55 a control signal S N , and the Nch-MOS type FET 29, Nch-MOS type FET 41 and the parasitic diode 43 are set 
ON. 

As shown in Fig. 5, the timing circuit for outputting the control signal S P and the control signal S N are com- 
posed of an oscillator 52, NOT circuits 53 and 54, a NAND circuit 55 and an AND circuit 56. The NAND circuit 
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contml are t ^ SpeCtive| y 10 de| ay circuits 57 and 58 so that the switching of the 

Add h P , ? C ° ntr0 ' Si9nal Sn b6tWeen 3 Hi9h ,evel < H > and a L° w to* (L) are not ovTrfapped 

C ha^™)td F^T Si9na ' * " * **■ «" - 

section ^l^T^V^ fifSt ^ SeCtim 21 " the SeCOnd Circuit section 2 2 and the third circ.it 
section 23 havmg the descnbed arrangements, only the Pch-MOS type FET 28 and the Nch MOS tJ^PPT 
29 provided in the first swtehing circuit 24 are switched ON/OFF, whSe th ^ 

Tnd 4^ 1 second sw.tch.ng circuit 25 are driven in accordance with the switching of the parasitic did J 42 
and 43. thereby enablmg charge to be transferred to the condensers 26 and 27 Jh lit He >lZ The 

For the-liquid crystal display panel, a 4,7 inch panel «j» 320 * 240 dotamla piWrof ejOanr* M 
The power consumption of the liquid crystal device is measured with ttre duty ratio 

tern of 4 bits which gives the greatest power consumption is shown ^ '"S^P*- 
* S 3 re t SU,t ° f ' h,s me asurement. a power consumption of each section of the liquid crystal disolav usina 

• driver section: 99 mW 

logic section: 5 V actuating part of common and segment drivers 

dnver secfon: 23V actuating part of segment and common drivers and the drive voltage generating de- 
(details in tfte rfrina aeOimi) 

toss in the operational amplifier section of the drWerttage generate device: 84o,W 

• toss m the dWIC s^cficrr of tfm seg^ntend common ^HZTamW 

-loss in charging and discharging for a liquid crystal capacitive component 7mW 

logic section: t2 mW 
driver section: 21 mW 
• a switching frequency f 0 of each of the switches 6a-6c and 8a-8c: 1 .3 kHz 

(details in the driver section) 

• loss in the driver IC section of the segment and common drivers: 8mW 

•loss in charging and discharging for a fepiid crystal carjacitive cemponent 7mW 

The results show that the powe, consumption in the driver section can be reduced bv the amotmtof »n« 

Therl r^ 8a 8o arrf 8c out of 21 mW power to be cons^ned in thetveTs^tST^ ' 

21/99 = 1/4.7. 

When comparing the entire liquid crystal disolav devices ihp rat;-, n r , h „ 
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display device as follows: 

(12 + 21)/(12 + 99) = 1/3.4. 

As describe, the liquid crystal display device of the present embodiments offers a large reduction in the 
power consumption. 

Furthermore, when the voltage of the logic section is altered from 5 V to 3 V, the power consumption in 
the logic section becomes 1/2.8. In this case, the power consumption of the entire liquid crystal display device 
is still improved as follows: 

((12 + 6) x 1/2.8 + 15)/111 = 22/111 = 1/5.1. 

[EMBODIMENT 2] 

The following descriptions will discuss another embodiment of the present invention in reference to Fig. 

7. 

In the present embodiment, a drive voltage generating device 61 shown in Fig. 7 is used instead of the 
drive voltage generating device 14 for the liquid crystal display device shown in Fig. 2 used in the first em- 
bodiment For convenience in the explanations, members having the same functions as those in the previous 
embodiments will be designated by the same reference numerals, and thus the descriptions thereof shall be 
omitted here. 

As shown in Fig. 77 the drive voltage y ei iw dliny device 1 61 is provided* with a fcrvninaf voftagesupjdy source . 
1 having an output voltage of V s and an actuating vtrftage supply sorarce 2 having an output voltage of V F as 
in the ease of the drive wrft^egerierating device 14 of Fig. 1. Theo^wvoteage generate^ device 61 is further 
provided with a first circuit section 62 (circuit section), a second brcurt. section 63 (circuit section) and a third 

circuit section 64 (circuit section) irr replace of the first circuit section 3, the second circuit section 4 and the 
third circuit section 5 of Fig. 1. 

The terminal voltage supply source 1 is provided for supplying an output voltage to each of the output ter- 
minals T 0 through T 5 , wherein the anode thereof is connected to the output terminaf T 0 , while the cathode there- 
of is connected to the output terminal T,. The actuating voltage supply source 2 is provided for applying an 
actuating voltage to a liquid crystal display panel 11 when a negative voltage is applied, wherein the anode 
thereof is connected to the output terminal T 0 , while the cathode thereof is connected to the output terminal 
T 4 . Here, the respective output voltage from the output terminals T 0 through T 5 are designated by V 0 through 
V 5 . 

The first rjmvt R? rs provided with a switch 6a, a condenser 7a, a diode 67a, a diode 68a and a condenser 
9a. The switch 8a switches after storing the charge of tire fcermirraJ voltage supply source 1 ire the condenser; 
7a, for transferring the charge to ttiecnnrlPtrier.aa. 7ne.switcn.6a is^ta example, composed of switching eter- 
ments such as a transistor, FEZ etc 

The switch 6a is composed of a fixed terminal 68^ a fixed terminal 6a 2 and a switching terminal 6a 3 . The 
fixed terminal 6a 1 is connected to the output terminal T», and the fixed terminal Ba^ is connected, to the output 
terminal T v The switching terminal 6a 3 is provided for switching the connecting end of the condenser 7a be- 
tween the fixed terminal 6a 1 and the fixed terminal 6a 2 . 

The condenser 7a is- provided for temporarily storing therein a voltage V„ Le., the charge of the terminal 
voltage supply source 1. One end of the condenser 7a is connected to the switching terminal 6a 3 of the switch 
6a, and the other end thereof is connected to the anode of the diode 67a and the cathode of the diode 68a. 

The diode 67a and the diode 68a constitute the switching means with the switch 6a, and after storing the 
charge of the terminal voltage supply source 1 in the condenser 7a, the diodes 67a and the diode 68a function 
as a switch for transferring the charge to the condenser 9a. In the diode 67a, the cathode is connected to the 
output terminal T<, while in the diode 68a, the anode is connected to the output terminal T 2 . The condenser 9a 
is provided for applying a voltage across the output terminals T 1 and T 2 , which is to be finally applied to the 
liquid crystal display psnef 11. The condenser 9a is provided between the output terminals T r and T 2 . 

The second circuit secriorr 63 is provided with a switch 6b, a condenser 7b, a diode 67b, a diode 68b and 
a condenser 9b which respectively correspond to the switch 6a, the condenser 7a. the diode 67a, the diode 
68a and the condenser 9a of the first circuit secriorr 62. The connections among the switch 6b, the condenser 
7b, the diode 67b and the diode 63b are the same as the connections among the switch 6a, the condenser 
7a, the diode 67a and the diode 68a. 

In the switch 6b, the fixed terminal 6b, is connected to the output terminal T 0 , and the fixed terminal 6b 2 
is connected to the output terminal T 4 . in the diode 67b, the cathode thereof is connected to the output terminal 
T,, while in the diode 68b, the anode thereof is connected to the output terminal T 5 . The condenser 9b is pro- 
vided between the output terminals T 4 and T 5 . 
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anti H h CiraJ,, o sectl0n 64 ,s P rovided wi * the switch 6c, the condenser 7c, the diode 67c. the diode 68c 
bL fnH T 7 ° COn ' eSPOnd t0 the SwitCh 6a ' *• 7». diode 67a th^diode 

7 M h ■ w 'p. ' '** drCUit SeCti ° n 62 " The actions among the switch 6c ^'cTdenser 

k J! Tf?.. 60, f iX6d termina ' 6 ° 1 iS connected «o the output terminal T s . and the fixed terminal 6c 

T wh l! 1 ^°T l t : rmina ' T * the di0de 67C " the anode thereof ■ coveted to ll^iSSS 
T 4 while m the d,ode 68c. the cathode thereof is connected to the output terminal T 3 The condensed 9 Tort 
vided between the output terminals T 3 and T„ conaenser 9c is pro- 

(not SaTr 63 ^ 6C ^ COntr0 " ed 10 ^ SWitCh6d " °" 8 dir6Cti0n simu,tane <^y °V «>ntro, means 

nJl^ ^V*™" 1 ' the °P eration <>f first circuit section 62 when the drive voltage generate 

dev,ce 61 of the present embodiment is activated will be explained below generating 

■ntheTo^^ 

^T^ZT^T^ t™°T the ^ ««* ««» 1 - "^switch 6a ^ the corn 

cTwn i„ , h 2f ~* he temUnal ^PP'y ^"rce 1. As a result, th* cha^ehavingthe poJartv 

S^Zl 't Stared h C ° ntienSer 7a «- scribed etching pTotlSes^fe ■ 

corre^ondsto the cbargmg period. and in the steady state, a voteg* across the ZSrr^ T^fe V 

=S5 :r:. 9 — — — - ^ssezzxzzz 

68a Th r f0r t2^ e "L f ' 0WS 35 f0 " 0WS: the mnlen °" 7a - *b switch 6a the condenser 9a - the diode 
68a -> t he condense. 7a. Hexe, the described switching period for the switch 6a corresponds to thelchlinq 
penod tn th.s case, charge is stored in the condensers 7a and 9a in an amount corresponding to me 2 

d ntiL r CORdenSer ^ ,he V ° lta9eS aCross the two 7a and KaZ 'Z 

of the condensers 7a and 9a .s C 0 . the charges to be stored in the condensers 7a and 9a is C 0 V J***™* 

mJE^ZZT"^ T SWitChin9 ° f the SWitCh 6a ' the char 9 in 9 and discharging operations are 

Za^^^^L^Z^l !l!?: denSer 93 iS C ° nVer9ed to V » as show " in th ° blowing 
equa^rr. taassunedtrere ttetthe forward voftage of thediades 67aand68afe smafl enough to be ignored! 

v a = v, (1/2 + -m * t/a +_)-> v, (5> 

T.aS^^T*^*'"'^^ 

On the other banoVwhen a load s conneosdio the condenser 9a. as the time leoiitedfrjr diamine the 
condense, 7a to the v s fe short »»<*«,,. penodoan be set ^ItanlJZ^SSS.' - 

A V = l</(2C 0 f 0 ) (6) 

of the switch ea 10 ^ ^ ^ reSpeCtiV ^ re P resent the aver ^ ■«* current and the switching frequency 
Accordingly the switching frequency f 0 of the switch 6a and the electrostatic capacity C 0 of the condensers 

AHrf r ^ baS6d °" the aVera9e ' 0ad CUTOril '° and the "'PP ,e "otas. AV as desired 
almo^ri y " ^ eSpeCtive operations * the seco "d circuit section 63 and the third circuit section 64 are 

6 th currenT^wst EST' ^ ^ ^ 6Z ^ ^ ^ h the seC0nd -^t sfctS 

uie conoenset VD -»■ the dkkde 67h ->the tenrnna* vo tage supptv source 1 As anxa.it „ 7U 

With the desenbed operate, the voltage between the output terminals T 0 and becomes (V E + v7 

9b -?r'?i ""I ^ 641 ,he ^ fl0WS in the **gig Period asTlovT he ^denser 

9b the d,ode 67c -> the condenser 7c ^ the switch 6c the condenser 9b. As a resul,7he l"e nser 7c 



10 



EP 0 645 751 A1 



is charged so as to have the polarity shown in the figure. On the other hand, in the discharging period, the 
current flows as follows: the condenser 7c the diode 68c -» the condenser 9c -»• the switch 6c -» the con- 
denser 7c. As a result, the voltage across the output terminals T 3 and T 4 becomes V s . 

As described, the drive voltage generating device 61 of the present embodiment is arranged such that the 
5 voltage between each set of output terminals T 0 and T,, T, and T 2 , T 3 and T 4 , and T 4 and T s is set to V s , and 
the voltage between output terminals T 0 and T 5 is set to (V e + V s ). Additionally, when T 0 is set to GND, the 
bias ratio B in driving liquid crystal and the peak drive voltage V„p can be obtained respectively through the 
following equations: 

1/B = Vs/fVo - V 5 ) (7) 
10 V op = V E + V s (8) 
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[EMBODIMENT 3J 

The following descriptions will discuss still another embodiment of the present invention in reference to 
,s Fig. 8. For convenience in the explanations, members having the same functions as those in the previous em- 
bodiments will be designated by the same reference numerals, and thus the descriptions thereof shall be omit- . 
ted here. 

As shown trr Fig. 8, a drive voltage generating device 71 of trie-present embodiment is provided with a first 
circuit section 72 (drcuitsectioTr), a second circuit section 73 (circuit/ section) and a VhM circuit seel ion 74-{dr- 
20 out section) respectively in replace of me first circuit section 62. the secnrid circuit sechonSS and the Brad 
atwt section 64 of the drive voltage generating device 6 1 shown in Fig: 7. ' 

In the first circuit section 72, a dkxte group 75 consisting of four diodes is uhi wdud along the feodiig path 
which connects the fixed terminal 6a, of the switch 6a and the output terminal TV Thefburdiodesareconrrected 
in series in such a way that a direction from the fixed terminal 6a, of the switch 6a to the output terminal T 0 is 
25 the forward direction. In the first circuit section 72, a diode group 76 consisting of two diodes is provided along 
the feeding path which connects the condenser 9a and the diode 68a. The two diodes are connected in series 
in such a way that a direction from the condenser 9a to the diode 68a is the forward direction. 

In the second circuit section 73, a diode group 77 consisting of two diodes is provided along the feeding 
path which connects the condenser 9b and the diode 68b. The two diodes are connected in series in such a 
way that the direction from the condenser 9b to the diode 68b is the forward direction. The second circuit sec- 
tion 73 is provided with a condenser 78. One end of the condenser 78 is connected between the fixed terminal 
6b 2 of the switch 6b and the fixed terminal 6c 2 of the switch 6c. while the other endthereof is connected between 
the fixed terrmnai 6c, of trie switch 6 and the diode 66b. 

In the descnbedanangejrient a witageV 8 generated is supplied 

between the output tenninals T 0 and T T through the dnde gr^T^Le^te taur diodes. . 

The voltage V, generated from the terminal voltage supply source 1 is supplied across the output terminals 
T, andT 2 through the four diodes: a diode 67a used in the charging period of the first circuit section 72. the 
diode group 76, i.e., the two diodes used in the discharge period of the first circuit section 72, and the diode 
68a. 

The voltage V s generated from the terminal voltage supply source 1 is supplied across the output terminals 
T 4 and T s through four diodes: the diode 67b used in the charging period of the second circuit section 73, the 
diode group 77, i.e., two diodes used in the discharging period of the second circuit section 73 and the diode 
68b. During the discharging period of the second circuit section 73, the condenser 78 is charged as well as 
the condenser 9b. 

45 In the charging period of the third circuit section 74, a current flows as follows: the condenser 78 the 

diode 67c the condenser 7c ->- the switch 6c -> the condenser 78. As a result, the condenser 7c is charged. 
On the other hand, in the discharging period, the current flows as follows: the condenser 7c -+• the diode 68c 
the condenser 9c ->- the switch 6c->- the condenser 7c As a result, the condenser 9c t3 charged. Therefore, 
the voltage V s generated from the term ina f voltage supply source 1 'b supplied across the output terminals T 3 
and T 4 through the four diodes: the diode 67b used in the charging period in the second circuit section 73, the 
diode 68 b used in the discharging period in the second circuit section 73, the diode 67c used in the charging 
period of the third circuit section 74 and the diode 68c used in the discharging period of the third circuit section 
74. 

As described, in the drive voltage generating device 71 of the present embodiment, the voltage V s is sup- 
plied between each pair of the output terminals T 0 and T,, T, and T 2 , T 3 and T 4 , and T 4 and T 5 through four 
diodes respectively, namely through the same number of diodes. Therefore, a voltage between each pair of 
terminals can be set to the same voltage with high accuracy. 
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vol tl J^Z' ^ k f ° rWard VOlta9e " F ° r 6Xample > in the ° f a ■»**<• ^de. the forward 

voltage is dropped by approbate!/ 0.7 V. Therefore, when activating the liquid crystal display devil So 

TheSl 9 1. ° H eVeral r ltS> dr ° P in the f0fWard VOlta 9 e 9 reat ^ voltage taS«eSSf 

^7 aiSl ,, 6 V ?T 9eneratin9 d6ViCe 71 ° f the present -rtodiment the dic^e groups 75 Zugh 
ILlf the . J y , Pr0V ' d ? d t0 the drive V0 ' tage 9enerati "9 device 61 s ° « to set the voltage between^act 
the II term!na,S h e( "; al 10 " 0 7 - 4 > V- Additionally, the bias ratio for achieving a des^bTe Intrast^f 
the display screen should be calculated by (V s - 2.8) V instead of V s . 

[EMBODIMENT 4] 

The following descriptions will discuss still another embodiment of the present invention in reference to 
ZfJl 00 ^'™ th l exp,anations - memb ^ "aving the same functions as those in Z,SSr£ 
t^hT" 

As shown in Fig. 9, a drive voltage generating device 81 of the present embodiment is provided with a f irst 
cuTseSnn? " 3 ^ 'ircu* section 83 ^section) -rt.^SE^afJj. 

cu.t section) respecuvely ,n replace of the first circuit section 62, the second circuit sectioTe^te trS* 
circuit secbon 64 of the dove voltage generating device fit shown in Fig. 7 

™f f ' rSt ^ 82 * Provided wfth a switch 85a faticMig means) an** smtefroSa (s^rtcfrmtr - 

means) .espect^eiy ,n replace of the d«fe 67a and the (fiode ^ The s^^^^^-f^Z 
wrth a swrtch 85b (swittttng means) and a switch 86* (swtehfhg n^sJ^Z^^^^^ 

eTbandthe^ 

86c (switching means) in replace of the diode 67c and the diode 68c. The swiLres e5^2JS a^t 

^2^Tf ■ ^ 85b1 85C " ^ termina ' S 85a - 85b > a " d ^Tnd sw^hing 
terrruna s 85*3 85^ and SSCj. Similarly, the switches 86a. 86b and 86c are respectively provided with fixed 

terminal 86a, 86b, and 86c, the foced terminals 86a,. 86b 2 and 86c, and svrftching JlilSSL^S^ 

te Jnat%Ta^ 8 and 8 8 5 5 b b an a d T*"" T^'* "* ^ h * he ***** ^ *» Aching 
terminate >85a 3 85^ and 85b 3 and the sw.tch.ng terminals 86a 3 . 86b 3 and 86C3 are respectively switched to 

1 ^7 rued terminals 85a, 85b, and 85c, and the fixed terminals 86a, 86b, and 86c, as^hown n 
asl^^s^^^rr 3 . ^ "* "** * b- "» O0BWtod ^coBtroimeans <notshown 

As described, in the arrangement where the switch is provided in replace of each diode the problem that 
prSed "* tM differS dUe 10 016 *■"«- tte vo^reacTZe" bS . 

The invention being thus described, it wi« be obwws that thesame may be varied in rwways such 
vanat,ons are not to be regarded as a departure from the spin, and scope oflhe inv^T Za.S ^ 

.owCdafms 6 10 Ski " ed in 3rtare intend6d to be induded ^Ipe Z theTot 



Claims 



A drive voltage generatkig device fora&|uidc^^ 

a voltage ssppty source** generating a prescribed voltage; 

a ^^ St0nn9 Jr^!. f0r Stari " 9 3 Char ^ from sakt vottage supply source- 

«*onn„ ,h P ^ ^ ° taBe Stoin9 mea " S «""*P°n<«n9 *> ^first diargeltoring means for 
storing therein a charge transferred from said first charge storing means- nng means, tor 

, .. an ° U * ul . t f Tninat sechor> i""*^ a pluraftty of output terminals for supplying a voltage required 
for dnvmg a liquid crystal display section, for receiving a prescribed voltageTrom i^S/SS 
chargestonng means through a predetermined pair of output terminals of safd P .urality of outpuutmTnall; 

switching means for switching a connection between said voltage supply source and said first 
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charge storing means and a connection between said first charge storing means and said second charge 
storing means so that a charge is supplied to said first charge storing means from said voltage supply 
source and that a charge stored in said first charge storing means is transferred to said second charge 
storing means. 

5 

2. The drive voltage generating device for a liquid crystal display device as set forth in claim 1 , wherein: 

a substantially equal voltage is supplied between each pair of output terminals. 

3. The drive voltage generating device for a liquid crystal display device as set forth in claim 2, wherein: 
10 the voltage supplied between each pair of output terminals is set substantially equal to a voltage 

generated from said voltage supply source. 

4. The drive voltage generating device for a liquid crystal display as set forth in claim 2, wherein a potential 
of each output terminal can be expressed as follows: 

V 0l V 0 - V s , V 0 - 2V S V 0 - (n-1)V s . V 0 - V E . V 0 - (V E + V s ). V 0 - (V E + 2V S ) V 0 - {V E + <n-1)V s }, 

wherein V s and V E represent prescribed voltages, V 0 represents a potential of one of said plurality of output 
terminals and 2n represents a number of said plurality of output terminals. 
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5. The drive voltage generating device-far a iiquid crystal display asset forth in ciam 2, wriefein a potential 
of each output terminal can* be expressed as follows: 

V 0 , V 0 ^V* V 0 * 2V S , _ V 0 + <o-t)Vs, V 8 *- V & V„ *-<V E ♦-Vs), V 0 + (V E + 2V S ). V„ ♦ {V E * <n- 
t)V s }. 

whereirr Vs and represent prescribed voyages, V<> represents a potential of one of sakf piuratiry 
of output terminals and 2rr represents a number of said pluratity of output terminaf s. 

23 6. The drive vottage generating device for a liquid crystal display device as set forth in claim 1 , wherein: 

said switching means simultaneousfy switches for aft of said second charge s l u ri ng means from a 
state where said voltage supply source and said first charge storing means are connected to a state where 
said first charge storing means and said second charge storing means are connected; and 

said switching means simultaneously switches for all of said second charge storing means from 
30 the state where said first charge storing means and said second charge storing means are connected to 

the state where said voltage supply source and said first charge storing means are connected. 

7. Tha drive voltage generating device for a liquid crystai display device as sal forth in daim t, wherein; 

S3id f charge storing iriegns and ilte seco^xJ Liidrge staiifignNJOJi^roafiectrvftty jnf"j*fKtft conderts- 
35 era, ami . 

in said first charge staring means, a charge supplied from said vottage stippty source is stored hr - 
a conde nser, while in said second charge storing means, a charge transferred from said first charge star- 
ing means is stored in a condenser. 

40 8. The drive voltage generating device for a liquid crystal display device as set forth in claim 1, further com- 
prising three circuit sections, each including said first charge storing means, said second charge storing 
means and said switching means. 

9. The drive voltage generating device for a liquid crystal display device as set forth in claim 1, wherein: 
45 said switching means includes two switching circuits, each being provided with a MOS type FET, 

the MOS type FET provided in one of said switching circuits is not driven in accordance with a switching 
of a parasitic diode generated by a back gate effect of the MOS type FET, while the MOS type FET of 
the other switching circuit is driven in accordance with a switching of a parasitic diode generated by the 
back gate effect of the MOS type FET. 

so 
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FIG. 2 
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